Wadi El Reddah is a semi closed basin as it has only one outlet at its northern tip while the other parts of the wadi collect flood from the internal tributaries along granites and other rock types. 238 U activity concentrations range between 101.24 and 347.96 with an average 214.63 Bq Kg -1 , 234 U between 89.67 and 308.19 Bq Kg -1 with an average of 190.10 Bq Kg -1 . 232 Th activity concentrations vary between 96.42 and 463.71 Bq Kg -1 with 240.46 Bq Kg -1 as an average. 40 K activity ranges between 1092.71 and 1227.25 Bq Kg -1 with an average of 1153.82 Bq Kg -1 . 235 U activity concentration ranges between 4.66 and 17.38 Bq Kg -1 with average of 10.19 Bq Kg -1 . Most of stream sediment samples exhibit an increase in SiO 2 , Fe 2 O 3 t , Na 2 O, P 2 O 5 and K 2 O and L.O.I, in addition to a prominent decrease in Al 2 O 3 , TiO 2 , MnO, MgO, CaO. However, trace elements in the studied samples show enrichment in Ni, Cu, Pb, Zn, Cd, Ta, Nb, Zr, Y, Rb, Cs, Ga, Hf, Sn, Th, Tl, U, W, Mo, Bi, As, Be, Li, Sb and Au whereas they are depleted in Co, Sr, V, Ag, Cr and Sc. Zr, Hf and Y are relatively immobile and essentially concentrated in the accessory minerals (zircon and its alteration product branirite, xenotime, thorite and uranothorite). Their REE patterns are well characterized by the M-and W-type tetrad effects. The M-type tetrad effect could be inherited from the surrounding granitic rocks whereas the positive Y anomalies intimately associating with the W-type tetrad effect of REE mainly occur in natural aquatic solutions including seawaters and in some hydrogenous deposits. The presence of the two complementary tetrads may indicate the presence of gold mineralization.
Introduction
The importance of Wadi El Reddah area has notably increased in the last few years after the discovery of secondary uranium mineralization in two sites of the stream sediments filling W. El Reddah as well as two uranium occurrences namely GXXIII and GXXIV in the perthitic leucogranite of G. Gattar which gives a clue of the presence of uranium in that sector of Gattar prospect. This study is focused much more on the northeastern part of G. Gattar batholith which represents W. El Reddah area and its environs.
Tetrad behavior controls REE distributions in geological samples such that REE representing quarter, half, three-quarter, and completely filled 4f shells have increased their stability [1] . Two complementary types of tetrad effects in natural samples have been defined, REEs in solid phase show an M-type tetrad effect, while dissolved REEs, usually show the W-type tetrad effect [2] . Masuda et al. reported that the occurrence of the tetrad effect in nature has a significant relation to the history of contact or interaction with water. Tetrad effects in REE patterns are mainly accompanied by processes such as high degrees of 77 fractional crystallization, hydrothermal alteration, and mineralization [3] . Expressions of tetrad behavior are found recorded in rare metal granites [4] [5] . The tetrad effect becomes more conspicuous with the increase of ligand concentration. The positive deviation of Y/Ho from the chondritic ratio could be a feature of not only the W-type tetrad effect, but also the M-type tetrad effect, since Y with no 4f electrons is not a pseudolanthanide that behaves like Ho under aqueous conditions [6] . If the M-type tetrad effect originated from water-solid interaction that resulted in the favorable removal of Ho relative to its neighbors from the solid to liquid phase, Y is probably less soluble in water and favorably hosted in or adsorbed on the solid phase in comparison to Ho. In the present paper, we study the radioactivity and geochemistry of Wadi El Reddah stream sediments, in addition to the interpretation of the presence of two complementary types of tetrad effects and their reasons.
Materials and Methods
Ten stream sediment samples were collected from Wadi El Reddah area (Fig. 1) . These samples were prepared for γ-ray spectrometric analyses by HPGe detector system. This detector has a relative efficiency of about 60% of the 3″×3″ NaI (Tl) crystal efficiency, resolution of 1.90 keV and peak/Compton ratio of 69.9:1 at the 1.33 MeV gamma transition of 60Co. It is coupled to conventional electronics connected to a multichannel analyzer card (MCA) installed in a PC computer. The efficiency calibration was performed by using three well-known reference materials obtained from the International Atomic Energy Agency for U, Th and K activity measurements: RGU-1, RGTh-1 and RGK-1 [7] [8] . Absolute efficiency calibration of the gamma spectrometry system was carried out using the radionuclide specific efficiency method in order to reduce the uncertainty in gamma-ray intensities, as well as the influence of coincidence summation and self-absorption effects of the emitting gamma photons [9] .
Uranium-238 activity was determined indirectly from the gamma rays emitted by its daughter products ( 234 Th and 234m Pa) whose activities are determined from the 63.3 and 1001 keV photo peaks, respectively [10] . The 234 U activity was determined directly from the gamma rays emitted from this nuclide at energies of 53.2 and 120.9 keV [11-12-13] . For the measurement of the 230 Th activity, the γ-ray emission values at 67.7 keV is used [14] .The specific activity of 226 Ra was measured using the 186.1 keV from its own gamma-ray (after the subtraction of the 185.7 keV of 235 U). The specific activity of 214 Pb was measured using the 241.9, 295.2 keV and 351.9 keV while the specific activities of 214 Bi and 210 Pb were measured using 609.3 and 46.5 keV, respectively. Uranium-235 activity was determined directly by its gamma-ray peaks; 143. 8, 163.4, 185.7, and 205.3 keV [15-13-16] . The specific activity of 232 Th was measured using the 338.4 keV and 911.2 keV from 228Ac and 583 keV and 2614.4 keV from 208 Tl. The specific activity of 40 K was measured directly by its own gamma-ray at 1460.8 keV. Chemical analyses of ten stream sediment samples were carried out in ACME analytical Laboratories of Vandcouver, Canada for major oxides, trace and rare earth elements by ICPemission spectrometry (ICP-ES) and ICP-mass spectrometry (ICP-MS). Detection limits for major oxides and trace elements are 0.001-0.04 wt. % and 0.01-0.5 ppm respectively. The analytical precision, as calculated from replicate analyses, is 0.5% for major elements and varies from 2 to 20 % for trace elements. Figure ( 1) presents the location of various stream sediment samples collected from Wadi El Reddah area.
Geological Setting
Wadi El Reddah extends in the N-S direction and represents a semi-closed basin as it has only one outlet at its northern tip while the other parts of the wadi collect flood from the internal tributaries along granites and other rock types. The drainage system of Wadi El Reddah reveals the presence of two to three sub-basins along its course. These are the southeastern, central and northeastern subbasin ( Fig. 2) . Each of the mentioned sectors collects their streams and floods from different rocks that extend around the semi-circular southern margin of this wadi. This will help too much in prospecting these remote and highly elevated points especially in Gattar granites. W. El Reddah is truncated northward with the main course of W. Bali and is considered as one of its branches and drains to it. Wadi El Reddah is mainly surrounded by scattered exposures in a chronogical sequence of metavolcanics and metagabbro-diorite complex in addition to long sector of Hammamat sedimentary rocks, monzongranites of G. El Reddah, perthitic leucogranites of G. Gattar as well as swarms of post-granitic dykes (Fig. 2 ). Wadi El Reddah has a higher ground relative to the ground adjacent to the surrounding peaks. The floor of the Wadis and their tributaries in Gabal Gattar area are generally covered by thick recent Wadi sediments. These sediments are unconsolidated, loose and consist of fluvial sediments formed of sands, pebbles, gravels, cobbles and boulders. Fluvial soils exist largely because of soil creep in area of high relief. The thickness of the stream sediments of the studied area can be estimated from the groundwater wells. It ranges from 25 to 30 meters.
Results
Activity concentrations of 238 U, 235 [17] . The studied samples have higher values compared to those reported by the UNSCEAR. A significant difference of 238 U/ 235 U ratios in the studied stream sediments which ranges between 21.52 and 22.24 suggest that redox conditions play an important role in the fractionation of 238 U and 235 U [18] [19] . Theoretically, nuclear-field effects could play a major role in 238 U/ 235 U isotope fractionation wherein the heavier isotope is preferentially partitioned into the more reduced species [20] [21] . 234 U/ 235 U ratios in the studied sediments show a narrow range between 19.06 and 19.87, which means that uranium-235 mobility in most samples with respect to uranium-234 confirming the role of alteration processes by the acidic solutions affecting these sediments. 234 U/ 238 U and 230 Th/ 238 U Activity Rates (ARs) of the studied stream sediments have been measured (from 0.68 to 0.89 and from 0.84 to 1.14, respectively), deviating from the secular equilibrium values, indicating open-system behavior with respect to 238 U daughter isotopes within the oxidized zone due to preferential mobilization of 234 U relative to 238 U from the sediments. The lowered 234 U/ 238 U ARs in the studied stream sediments could be the result of the addition of uranium from anomalous Gattar granites with a high uranium concentration and as dissolved uranium. As for 234 U/ 238 U, the radioactive disequilibria of 230 Th/ 234 U are mainly produced by α-decay enhanced dissolution, readsorption and re-precipitation of 234 U. 226 Ra/ 238 U and 226 Ra/ 230 Th activity ratios are nearly less than1 in all samples, indicating that U and Th fixing is the main process responsible for lowering these ratios. The activity ratios of 234 U/ 238 U, 230 Th/ 234 U and 226 Ra/ 230 Th for the studied sediments show obvious deviations from secular equilibrium, indicating the presence of water-rock interactions during the last 1 Ma and probably longer [22] [23] .
Geochemistry of major and trace elements in the studied stream sediments:
The results of major, trace and REEs for Wadi El Reddah stream sediments are given in Table ( 2). Geochemically, the variations of major and trace elements could be attributed to the loss and gain of elements. To understand the geochemical behavior of major and trace elements in the studied stream sediments, it is recommended to normalize these sediments to the upper continental crust (UCC) referred to by Rudnick et al. [24] . After that, the reference UCC becomes flat at unity and the relative depletion or enrichment is given by the deviations on both sides of the reference line (Figs. 3 & 4) . The geochemistry of major elements is discussed in terms of gains (positive) and losses (negative) of these elements during stream sediment formation from the mother rocks. Most of stream sediment samples exhibit an increase in SiO 2 , Fe 2 O 3 t , Na 2 O, P 2 O 5 and K 2 O and L.O.I., a prominent decrease in Al 2 O 3 , TiO 2 , MnO, MgO, CaO (Fig. 3 ). The enrichment of Na 2 O and K 2 O are manifested by the presence of feldspars. The increase in SiO 2 may be related to the desilicification of the surrounding granites and migration of silica to these sediments. The enrichment of Fe 2 O may be due to hematitization. P 2 O 5 increased in the sediments, reflecting that apatite continued to form during granitic rock alteration and sedimentation processes.Formation of titanite is reflected by increased TiO 2 contents. . This can be improved by gold concentration measured by Fire assay in one of these samples that reach up to 0.7 ppm. Also, gold is confirmed mineralogically by separation of minerals by bromoform and picking of goldbearing minerals. Gold bearing minerals were analysed by EDAX using ESEM. Gold is recorded in sulphide minerals (chalcopyrite), which associated with invisible gold. The presence of gold in chalcopyrite has concentration reach up to 1.62 wt%. (Fig. 6) .
Referring to the geological history of the region, it is very important to mention that the in the chondrite-normalized REE distribution patterns of Wadi El Reddah stream sediments. The co-existence of W-and M-shape tetrad-effects in Wadi El Reddah stream sediments confirm the idea that penetration of low-pH surface waters into upper part of these sediments might have caused destruction of REE-bearing minerals, leaching and transportation of REE downward, and ultimately their concentration in the lower part probably with the contact with the underlying basement rocks which make as a buffer. The presence of the two complementary tetrads may indicate the presence of gold mineralization. Y/Ho ratios for the studied sediments show large positive deviations from the chondritic ratio and these phenomena with conjugated tetrad mainly occur in natural aquatic solutions including seawaters and in some hydrogenous deposits. This may indicate the probable mixing of acidic surficial water with alkaline sea water during mineralization processes. 
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Fig. (6): BSE images and EDX analyses of cupper crystal contains gold as inclusion in stream sediments of Wadi El-Reddah
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